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The island of Borneo is the diversity centre of the Dipterocarpaceae, the most important 
family of tropical rainforest trees in Southeast Asia. However, changes in land use and climate 
have affected dipterocarp distributions on this island, raising concerns about the vulnerability 
(inter alia) of the endemic riparian species Shorea macrophylla. Thus, to aid conservation efforts, 
I conducted this investigation of the genetic diversity, genetic structure and demographic history 
of S. macrophylla.  
First, specific microsatellite (SSR) markers for S. macrophylla were developed using the 
NGS platform. Fourteen new SSR markers were selected from 96 primer-pairs examined. All of 
the loci exhibited high polymorphism (mean NA = 6.4, PIC = 0.61) and no null alleles were 
detected.  This is a very important step in providing a tool to reveal the genetic diversity, genetic 
structure, population differentiation and demographic history of S. macrophylla.  Using these SSR 
markers, I explored the species’ genetic diversity and genetic structure in Kalimantan (part of 
Indonesia, covering 75% of the island), by examining genotypes of 377 individuals representing 
13 populations in three regions (North-east, Central and West Kalimantan). Higher genetic 
diversity was found, at all loci, in samples from North-east Kalimantan (Ar:11.04; He: 0.74) than 
in samples from the other regions. Moderate genetic differentiation between populations was 
detected (FST: 0.093). Bayesian clustering, principal coordinate, and neighbour-joining tree 
analysis of the population structure consistently identified two genetically distinct groups, one in 
the North-east and the other in the Central and West regions. The higher diversity of the diverged 
populations in North-east Kalimantan indicates that the region may have hosted rainforest refugia 
during the Pleistocene ice age. In addition, the demographic history of S. macrophylla was 
examined using SSR loci in order to elucidate the evolutionary process and examine how the 
populations reacted during past glacial periods. The putative divergence time occurred between 
194,000 ya to 278,800 ya based on K = 2 and K = 3, respectively, according to the structure 
analysis. Furthermore, the population size change revealed that the North-east Kalimantan 
population is the most stable and has a relatively higher population density. Thus, these results 
suggest that the S. macrophylla in North-east Kalimantan could have survived here even during 
the multiple glacial cycles of the late Pleistocene because of suitable climate conditions in this 
area. 
As part of the rapid development of molecular science, particularly genetic marker and 
sequencing technology, the MIG-seq method was developed by Suyama and Matsuki (2015); this 
offers a simple, rapid and cost-efficient approach to generate SNPs from across the genome. Thus, 
I was able to compare and evaluate the performance of 531 SNPs derived from MIG-seq and the 
genotype data of 14 SSR markers in S. macrophylla, with respect to their ability to characterize 
genetic diversity and population structure. The result indicated that the 1049 alleles of SNPs that 
were examined were less informative than the 174 alleles of SSR loci for detecting genetic 
diversity. However, SNPs are more powerful in resolving genetic structure clustering.  
From the results, I concluded that global climate change during the Pleistocene strongly 
influenced the genetic diversity, genetic structure and evolution of S. macrophylla populations in 
Kalimantan. At least two ESUs of S. macrophylla should be recognized, one consisting of the 
populations in north-eastern Kalimantan, and another consisting of populations in central and 
western regions. Therefore, I suggest that the two ESUs identified in our study should be 
maintained for forest conservation and seeds should be collected from trees in both the regions to 
establish provenance forests as genetic resources. 
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